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Introduction 


Military  service  is  arguably  among  the  most  dangerous  occupations.  Historically,  direct 
combat  has  been  viewed  as  the  exclusive  source  of  danger,  conflict,  and  trauma  and  as  the 
necessary  and  sufficient  cause  of  post-service  mental  health  problems,  such  as  posttraumatic 
stress  disorder  (PTSD)  (Maguen,  Suvak,  &  Litz,  2006).  Research  has  shown  that  in  the  face  of 
extreme  combat  conditions  most  men  and  women  do  exceptionally  well  and  are  able  to  grow 
from  their  experiences.  Even  so,  there  is  a  substantial  percentage  of  Soldiers  who  develop  post 
service  mental  health  problems.  A  large-scale  study  examining  the  consequences  of  combat  duty 
in  Iraq  and  Afghanistan  since  the  events  of  September  11,  2001  showed  that  PTSD  among  Anny 
Soldiers  deployed  to  Afghanistan  was  12  percent,  while  rates  among  Army  Soldiers  and  Marines 
deployed  to  Iraq  were  18  percent  and  20  percent,  respectively  (Maguen,  Suvak,  &  Litz,  2006). 
Stress  is  a  natural  human  experience  and  during  combat  Soldiers  respond  in  a  vast  number  of 
ways. 

Biologic  responses  immediately  after  a  traumatic  event  include  the  release  of  stress 
honnones  and  peripheral  catecholamines,  resulting  in  a  fight,  flight  or  freeze  response  (Holloway 
&  Benedek,  1999).  In  the  intermediate  phase  one  week  to  several  months  after  the  event, 
intrusive  symptoms  such  as  recollections  of  the  event  with  increased  autonomic  arousal  (e.g., 
startle  response,  hypervigilance,  insomnia,  and  nightmares)  are  common.  During  the  long  tenn 
phase  at  1  year  or  more,  some  individuals  may  experience  continued  posttraumatic  psychiatric 
symptoms  for  years  after  the  attack,  while  the  majority  will  rebuild  their  lives  and  focus  on 
future  challenges  (Holloway  &  Benedek,  1999).  A  Soldier’s  response  to  combat  stress  ranges  on 
a  spectrum  from  the  best  results  to  the  worst.  On  the  worst  end  of  the  spectrum  there  are  Soldiers 
who  develop  PTSD  from  combat.  The  latter  group  is  followed  by  Soldiers  who  clinically  do  not 
have  PTSD  but  who  still  have  problems  with  living  (e.g.,  conduct  issues,  emotional  strain, 
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marital  or  family  issues).  At  the  median,  there  are  Soldiers  who  are  unaffected  by  combat  stress, 
and  these  Soldiers  return  home  the  same  as  before  they  deployed,  whether  good  or  bad.  Towards 
the  positive  end  of  the  spectrum  we  see  Soldiers  who  display  resilience  and  hardiness  while  in 
stressful  situations.  These  Soldiers  are  able  to  bounce  back  after  a  negative  situation  and 
persevere  through  the  hardship.  Lastly,  the  most  desired  outcome  on  the  spectrum  is  the  idea  of 
posttraumatic  growth  where  we  see  Soldiers  who  undergo  a  positive  psychological  change  as  a 
result  of  combat  stress. 

PTSD  is  a  psychiatric  disorder  that  is  linked  to  a  specific  type  of  life  experience.  PTSD 
appears  in  many  forms  and  there  are  studies  showing  that  it  is  often  found  in  conjunction  with  at 
least  one,  if  not  several  other  psychiatric  disorders  (Brady,  1997).  Most  symptoms  of  PTSD 
occur  because  of  an  individual’s  previous  exposure  to  trauma  and  PTSD  can  thus  lead  to 
subsequent  trauma  (Breslau,  Chilcoat,  Kessler,  &  Davis,  1999).  Soldier  development  of  PTSD 
produces  high  costs  for  the  military.  Increasing  rates  of  PTSD  have  been  found  to  produce  high 
attrition  rates  in  the  military. 

Substantial  amounts  of  money  are  invested  in  training  and  developing  a  Soldier  for 
combat.  This  investment  returns  void  when  a  Soldier  has  to  be  discharged  due  to  a  psychiatric 
illness.  PTSD  is  associated  with  greater  psychiatric  co-morbidity  and  attempted  suicide, 
increased  frequency  of  bronchial  asthma,  hypertension,  peptic  ulcer  and  impaired  social  support 
(Davidson,  Hughes,  Blazer,  &  George,  1991).  Additionally,  studies  show  that  another  health 
factor  related  to  PTSD  is  the  reduction  in  the  size  of  the  hippocampus.  This  structure  in  the 
forebrain  plays  a  major  role  in  short  tenn  memory  and  spatial  navigation.  Studies  show  that 
suffering  from  major  depression  and  PTSD  can  reduce  an  individual’s  hippocampus  size 
resulting  in  the  patient’s  inability  to  recall  certain  parts  of  the  traumatic  event  or,  alternatively, 
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the  memories  may  be  extremely  vivid  and  always  present  (Bremner,  Narayan,  Anderson,  Staib, 
Miller,  &  Charney,  2000).  These  health  conditions  require  that  the  military  expend  money  to 
provide  treatment  for  the  Soldier  or  lose  an  investment  by  discharging  the  Soldier.  It  has  been 
reported  that  in  2004,  the  Veterans  Affairs  Department  (VA)  spent  $4.3  billion  on  PTSD 
disability  payments.  In  2006,  the  VA  requested  $2.2  billion  for  mental  health  services  (MAPS, 
2005).  Even  though  combat  is  a  high  producer  of  PTSD  cases,  recent  researchers  have  confirmed 
that  pre-military,  during  military,  and  post-military  variables  all  have  strong  influences  on  who 
develops  PTSD,  and  these  variables  likely  also  influence  who  maintains  PTSD  (Green,  Grace, 
and  Leonard,  1992).  Pre-military,  it  is  important  to  screen  an  incoming  Soldier  because  a 
person’s  socioeconomic  status,  parental  relationship  or  even  education  level  could  affect  one’s 
vulnerability  to  PTSD.  Additionally,  post-military  social  support  at  home,  or  upon  returning 
home,  could  either  positively  or  negatively  affect  a  Soldier.  There  are  several  factors  which 
could  play  a  role  in  the  development  of  PTSD  and  consequently  there  are  several  negative 
outcomes  as  a  result. 

Transitioning  across  the  spectrum,  we  encounter  individuals  who  do  not  clinically  have 
PTSD  but  that  have  difficulties  living  a  nonnal  life.  Diagnostic  criteria  for  PTSD  include  a 
history  of  exposure  to  a  traumatic  event  and  symptoms  from  each  of  three  symptom  clusters: 
intrusive  recollections,  avoidant/numbing  symptoms,  and  hyper-arousal  symptoms.  A  fifth 
criterion  concerns  duration  of  symptoms  (must  be  more  than  1  month)  and  a  sixth  assesses 
functioning  (Diagnostic  Criteria  and  Characteristics  for  PTSD,  2009).  Unless  a  patient  meets 
these  criteria,  he  or  she  may  have  significant  stress  related  problems,  but  will  not  be  treated  as  if 
they  have  PTSD.  These  Soldiers  pose  a  problem  because  if  they  are  not  given  adequate  attention 
these  symptoms  have  the  potential  of  progressing  into  full-blown  PTSD. 
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At  the  median  we  have  those  Soldiers  who  are  not  affected  at  all  by  the  stress  of  combat. 
These  individuals,  whether  in  good  shape  or  bad,  maintain  the  status  quo  upon  their  return  home. 
Unlike  the  latter  group,  there  are  individuals  who  have  positive  results  following  combat 
exposure.  Reaching  the  positive  end  of  the  spectrum  we  have  Soldiers  who  demonstrate 
resilience  when  faced  with  the  demands  of  combat.  The  need  for  resilience  is  felt  more  urgently 
nowhere  more  than  in  military  combat,  where  exposure  to  extreme  and  ongoing  stress  is  all  but 
avoidable  (Lukey  &  Tepe,  2008).  Resilience  stands  as  an  individual’s  ability  to  ameliorate  stress 
and  continue  the  mission  in  extreme  environments  and  situations  (APA,  2004).  Resilience 
requires  the  individual  to  be  strong  enough  to  step  forward  and  deal  with  his  or  her  problems 
treating  stress  as  a  challenge  and  not  an  obstacle.  Being  resilient  does  not  mean  that  a  person 
does  not  experience  difficulty  or  distress.  In  fact,  the  road  to  resilience  is  likely  to  involve 
considerable  emotional  distress  (APA,  2004). 

Resilience  can  be  learned  by  and  enhanced  in  any  individual.  Several  studies  have  shown 
that  the  effects  of  a  deficient  environment  can  be  reversed  by  involvement  in  a  positive 
environment.  In  a  longitudinal  study  of  nearly  700  children  bom  into  poverty  on  the  island  of 
Kauai,  findings  revealed  that  one-third  of  those  considered  to  be  at  the  highest  risk  for  negative 
developmental  outcomes  went  on  to  overcome  the  risk  and  live  fulfilling  and  successful  lives 
(MacDermid,  Shelley,  Samper,  Schwarz,  Nishida,  &  Nyarong,  2008).  These  individuals 
attributed  their  success  to  finding  positively  supportive  relationships  during  childhood,  and  in 
some  cases,  later  in  life.  Teaching  resilience  is  an  important  concept  that  the  military  must 
incorporate  as  part  of  its  routine  training,  because  one  or  more  risk  factors  in  a  person’s  life  may 
increase  the  likelihood  that  a  problem  behavior  will  occur  at  a  later  point  in  time  (Kumpfer, 
1999). 
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Incorporated  with  resilience  is  the  idea  of  hardiness.  Hardiness  is  an  individual’s  ability 
to  self-enhance  in  the  area  of  resilience.  Hardy  individuals  have  a  strong  perspective  on  life 
having  meaning  and  purpose.  Hardiness  training  in  some  facets  has  been  reported  as  better  than 
general  relaxation/meditation  and  a  placebo/social  support  control  condition  as  a  method  for 
relieving  and  combating  stress  (Maddi,  Kahn,  &  Maddi,  2008).  In  general,  hardy  individuals  are 
better  able  to  perform  well  under  stress  and  are  less  likely  to  experience  stress-related  illnesses 
(Kobasa,  Maddi,  &  Kahn  1982).  The  concept  of  hardiness  is  much  like  resilience  in  that  it  can  be 
trained  as  well  as  enhanced.  Adler  &  Dolan  (2006)  found  that  hardiness  training  protected  Anny 
Reserve  forces  from  the  effects  of  war  related  stress  due  to  disruption  of  their  civilian  jobs, 
separation  from  family,  and  other  military  related  stressors. 

The  most  desired  outcome  of  experiencing  some  form  of  stress  is  posttraumatic  growth. 
Research  based  on  Soldier  interaction  with  combat  stress  tends  to  focus  solely  on  the  negative 
aspects  of  this  situation.  Even  so,  some  studies  have  shown  that  overcoming  the  challenges  of 
life's  worst  experiences  can  catalyze  new  opportunities  for  individual  and  social  development 
resulting  in  posttraumatic  growth  (Calhoun  &  Tedeschi,  1998).  This  concept,  although  often 
overlooked,  brings  a  positive  light  to  the  transformative  power  of  trauma.  There  are  several 
factors  that  may  contribute  to  an  individual’s  ability  to  gain  a  positive  experience  from  combat 
ranging  from  resilience  training  to  social  support  structures.  Though  seeming  farfetched,  actually 
having  a  support  group  or  community  capacity  can  build  a  Soldier’s  tolerance  for  extreme 
situations.  The  individual's  cognitive  engagement  with  and  cognitive  processing  of  trauma  may 
be  assisted  by  the  disclosure  of  that  internal  process  to  others  in  socially  supportive  environments 
(Calhoun  &  Tedeschi,  2000).  This  type  of  growth  is  believed  to  be  developed  out  of  a  cognitive 
process  that  is  initiated  to  cope  with  traumatic  events  that  extracts  an  extreme  cognitive  and 
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emotional  toll.  These  events  that  initiate  posttraumatic  growth  have  the  quality  of  “seismic 
events,”  but  on  a  psychological  level  (Tedeschi  &  Calhoun  ,  1995).  It  is  important  that  we  do 
not  overlook  the  potential  positive  results  of  studying  post  traumatic  growth,  n  fact,  the 
Posttraumatic  Growth  Inventory  is  a  metric  used  to  assess  the  positive  outcomes  reported  by 
persons  who  experience  traumatic  events.  Potentially  finding  components  that  enable  a  person  to 
be  positively  affected  by  a  negative  event  can  be  transferred  in  training  from  one  individual  to 
the  next.  Although  the  PTGI  is  a  general  measure  of  growth  suitable  for  non-trauma  studies 
(Tedeschi  &  Calhoun  ,  1996),  research  on  expanding  this  idea  to  measuring  growth  from  combat 
experiences  could  produce  positive  gains. 

In  dealing  with  Soldiers  who  experience  combat  stress,  there  are  several  approaches  to 
treating  the  Soldiers.  Of  these  approaches,  one  method  to  increase  resilience  and  enhance 
performance  is  the  Comprehensive  Soldier  Fitness  (CSF)  program.  This  program  moves  to  aid 
service  members  and  their  families  by  developing  their  strengths  in  the  emotional,  social, 
spiritual,  and  family  domains.  Though  the  program  has  produced  some  gains  in  building 
resilience  in  Soldiers,  additional  measures  need  to  be  developed  to  assess  the  effectiveness  of  the 
CSF  program  or  possibly  provide  components  to  improve  it. 

Startle  Response  and  Prepulse  Inhibition 

One  potential  metric  we  have  identified  as  a  method  to  assess  the  effectiveness  of  the 
Comprehensive  Soldier  Fitness  (CSF)  program  is  a  measure  of  startle  response  and  prepulse 
inhibition  (PPI).  The  startle  response  occurs  when  a  startling  stimulus,  such  as  a  loud  noise  or 
skin  shock,  causes  a  measurable  level  of  constriction  in  the  orbicularis  oculi  muscle  surrounding 
the  eye  (Lukey  &  Tepe,  2008).  Early  startle  response  research  used  a  pistol  shot  to  evoke  the 
startle  response  while  participants  were  recorded  with  high-speed  cameras  for  analysis  (Landis  & 
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Hunt,  1939).  PPI  occurs  when  a  mild  stimulus  precedes  a  startling  stimulus,  resulting  in 
suppression  of  the  startle  response  (Anokhin,  Heath,  Myers,  Ralano,  &  Wood,  2003).  The 
prepulse  must  be  presented  30-500  ms  prior  to  the  startle  stimulus  (Graham,  1975).  Research 
shows  that  baseline  startle  response  is  elevated  in  combat  veterans  with  posttraumatic  stress 
disorder  (PTSD),  while  PPI  is  decreased — i.e.,  a  prepulse  stimulus  results  in  less  startle  response 
suppression  (Butler  et  ah,  1990;  Morgan,  Grillon,  Southwick,  Davis,  &  Charney,  1996).  Reduced 
PPI  has  also  been  observed  in  patients  with  panic  disorder  (Ludewig,  Ludewig,  Geyer,  Hell,  & 
Vollenweider,  2002). 

A  wide  variety  of  stimuli  can  be  used  to  evoke  the  startle  response,  including  tactile, 
acoustic,  and  vestibular  stimuli.  Tactile  stimuli  can  incorporate  administered  shocks  or  a  puff  of 
air  in  the  eye.  Acoustic  stimuli  are  the  most  common,  but  it  is  important  that  the  stimuli  have  a 
sharp  and  sudden  onset  in  order  to  evoke  the  startle  response  (<50  ms).  Additionally,  an  acoustic 
stimulus  has  a  minimum  threshold  of  ~80  dB  in  order  to  evoke  the  startle  response,  although  a 
reduced  threshold  may  indicate  PTSD  (Yeomans,  Li,  Scott,  &  Frankland,  2002;  Braff,  Geyer,  & 
Swerdlow,  2001).  Presenting  the  stimuli  binaurally  increases  the  magnitude  of  the  response  as 
opposed  to  presenting  it  to  only  one  ear.  Vestibular  stimuli  generally  try  to  replicate  the  feeling 
of  free-fall.  Research  shows  that  presenting  the  startle  stimuli  in  multiple  modalities  (i.e., 
acoustic  and  tactile,  acoustic  and  vestibular,  all  three,  etc.)  can  greatly  increase  the  magnitude  of 
the  startle  response  (Yeomans  et  ah,  2002).  The  startle  may  also  be  elevated  when  people  are 
viewing  pictures  that  evoke  negative  emotions  (Lang,  Bradley,  &  Cuthbert,  1990). 

Although  we  are  most  interested  in  orbicularis  oculi  contraction  in  response  to  a  startle 
stimulus,  a  stimulus  of  sufficient  magnitude  can  result  in  a  whole-body  startle  response.  In 
humans,  in  addition  to  eye  blink,  the  head  and  neck  move  forward  while  the  mouth  and  neck 
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muscles  tense  up.  The  shoulders  tense  and  elevate,  as  well  as  the  back.  Abdominal  muscles 
stiffen  and  the  elbows  point  outward.  Presumably,  the  body  assumes  this  position  in  response  to 
a  startle  stimulus  in  order  to  protect  the  body  from  possible  impact  related  to  the  stimulus 
(Yeomans  et  ah,  2002).  However,  the  whole  body  reflex  is  more  difficult  to  induce,  and  thus 
impractical  for  the  purpose  of  this  assessment.  That  being  said,  it  may  be  prudent  to  note  any 
incidence  of  whole-body  responses  in  the  course  of  this  research,  as  it  may  be  a  gross  indication 
that  a  participant  has  PTSD  or  may  be  susceptible  to  it.  The  startle  response  also  generally  occurs 
in  conjunction  with  an  increase  in  both  heart  rate  and  skin  conductance;  however,  heart  rate  and 
skin  conductance  responses  to  a  startle  stimulus  using  sound  may  decline  over  the  course  of  tone 
presentations  (Orr,  Lasko,  Pitman,  &  Shalev,  1995). 

Orbicularis  oculi  contraction  is  relatively  simple  to  measure  as  well.  Researchers  need 
only  to  attach  two  surface  EMG  electrodes  just  below  the  eye.  Surface  electrodes  have  a  silver- 
silver  chloride  (Ag-AgCl)  surface  to  detect  EMG  signals.  Sizing  matters  as  well — a  .25  cm 
detection  surface  is  preferred  for  facial  EMGs  (Fridlund  &  Cacioppo,  1986).  The  site  must  be 
prepared,  usually  using  an  alcohol  wipe  or  alcohol-wetted  swabs.  Other  important  factors  to 
consider  are  electrical  noise  caused  by  nearby  electrical  equipment  such  as  lights  and  TVs, 
properly  grounding  all  equipment,  the  laboratory  atmosphere,  and  the  experimenters  themselves. 
Atmosphere  and  experimenter  attitude/sex  have  the  capacity  to  induce  anxiety  in  participants, 
which  could  potentially  confound  results.  For  a  more  thorough  review  on  the  effect  of  these 
potential  experimental  biases,  see  Fridlund  &  Cacioppo  (1986).  A  more  detailed  description  of 
the  equipment  required  and  the  procedure  will  be  offered  in  the  methods  section. 

A  number  of  studies  show  that  startle  response  and  PPI  may  be  good  candidates  both  for 
identifying  people  prone  to  PTSD  and  those  who  are  resilient,  as  well  as  assess  the  interventions 
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under  the  CSF  program.  In  theory,  CSF  training  should  result  in  decreased  startle  response  and 
increased  PPI.  One  study  involving  20  unaffected  biological  siblings  of  patients  with 
schizophrenia  and  19  healthy  controls  demonstrates  that  PPI  suppression  is  at  least  somewhat 
genetically  mediated.  The  study  found  that  the  unaffected  siblings  showed  reduced  PPI 
compared  to  the  healthy  control  group  (Kumari,  Das,  Zachariah,  Ettinger,  &  Sharma,  2005). 
Another  study  found  that  PPI  shows  over  50%  heritability  (Anokhin  et  ah,  2003).  The  study 
involved  40  monozygotic  and  3 1  dizygotic  female  twins.  Since  schizophrenia  and  PTSD  are 
often  comorbid,  it  is  possible  that  the  same  effect  holds  true  for  genetic  influence  on  PPI  in 
unaffected  siblings  of  patients  with  PTSD.  To  our  knowledge,  there  are  no  studies  that  have 
sought  to  demonstrate  this  effect.  The  genetic  contribution  to  PTSD  is  around  30%  as  shown  by 
True  et  al.  (1993).  Since  both  PTSD  and  PPI  are  shown  to  be  hereditary,  it  is  possible  that 
reduced  PPI  could  be  indicative  of  someone  who  is  susceptible  to  PTSD,  not  just  schizophrenia. 
Conversely,  a  robust  PPI  effect  could  typify  a  resilient  individual. 

Due  to  the  close  relationship  between  PPI  and  startle  response,  it  is  reasonable  to  believe 
that  genetics  may  also  have  an  influence  on  the  startle  response.  The  research  supports  this.  A 
study  of  66  pairs  of  monozygotic  twins  and  57  pairs  of  dizygotic  twins  shows  about  60% 
heritability  in  startle  response  magnitude  when  viewing  positive,  negative,  and  neutral  pictures 
(Anokhin,  Gologsheykin,  &  Heath,  2006).  An  earlier  study  showed  similar  results,  suggesting 
that  baseline  startle  magnitude  is  about  70%  heritable  (Anokhin  et  al.,  2003).  Exaggerated  startle 
response  is  already  a  clinical  symptom  that  is  specific  to  PTSD  (Morgan  et  al.,  1996).  Thus, 
exaggerated  startle  response,  similar  to  reduced  PPI,  may  signify  someone  who  is  susceptible  to 
PTSD.  Indeed,  one  study  showed  that  children  of  patients  with  anxiety  disorders  also  exhibit  an 
exaggerated  startle  response.  This  study  suggests  that  elevated  startle  response  could  be  a 
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predictor  of  vulnerability  to  developing  clinical  anxiety  (Grillon,  Dierker,  &  Merikangas,  1998). 
Minimal  or  no  startle  response,  on  the  other  hand,  could  identify  resilient  personnel.  Some 
studies  did  have  incidents  with  participants  who  showed  virtually  no  startle  response  (Morgan  et 
al.,  1996;  Grillon  &  Morgan,  1999).  These  patients  were  subsequently  excluded  from  data 
analysis. 

One  significant  benefit  to  using  startle  response  and  PPI  as  an  assessment  metric  is  that 
the  Army  already  has  the  majority  of  the  structure  in  place  required  to  support  the  assessment. 
Experiments  need  to  be  carried  out  in  sound-attenuated  rooms  with  controlled  temperature  and 
lighting.  These  facilities  already  exist  at  Soldier  Readiness  Processing  (SRP)  centers  on  every 
Anny  post.  As  part  of  the  processing,  Soldiers  undergo  a  hearing  test  in  a  soundproof  room.  The 
rooms  are  already  equipped  with  the  equipment  necessary — headphones  and  a  way  to  administer 
acoustics.  At  this  point,  it  would  be  relatively  simple  to  add  the  EMG  recording  equipment  in 
order  to  measure  startle  response  and  PPI  as  part  of  their  normal  readiness  processing.  Large 
numbers  of  participants  could  be  run  simultaneously  as  well.  The  difficulty  would  lay  with  the 
trainers.  Critical  to  collecting  good  data  is  correct  and  consistent  placement  of  the  surface  EMG 
electrodes  on  the  face.  Proper  training  would  be  necessary  to  ensure  meaningful  data.  This  is 
especially  important  in  this  scenario,  as  different  researchers  will  run  the  experiments  at  every 
post.  Although  startle  response  and  PPI  are  both  potentially  good  measures  to  assess  the  CSF 
program,  there  are  a  few  methodological  problems  associated  with  each  that  are  inherent  in  the 
target  population. 

One  factor  that  may  exclude  participants  is  hearing  loss  resulting  from  combat  or  other 
reasons.  Hearing  loss  is  a  significant  problem  in  the  Anny,  especially  among  those  coming  back 
from  deployments.  In  all  startle  response  and  PPI  studies  reviewed  above,  hearing  loss  was 
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grounds  for  exclusion  from  the  experiments.  Since  hearing  loss  could  potentially  be  correlated 
with  level  of  combat  exposure,  we  may  be  inadvertently  leaving  out  a  significant  portion  of  the 
population  that  we  want  to  look  at  most — i.e.,  those  who  have  had  the  heaviest  combat  exposure. 
One  possible  way  to  work  around  this  problem  would  be  to  use  a  tactile  stimulus  rather  than  an 
acoustic.  However,  this  would  require  new  facilities  or  equipment  rather  than  being  able  to  use 
the  sound  rooms  and  hardware  that  already  exist. 

One  other  common  reason  for  exclusion  could  be  drug  use,  whether  illegal,  over-the- 
counter,  or  prescribed.  Studies  show  that  there  is  a  pharmacological  effect  on  startle  response  and 
PPI,  such  as  that  observed  with  alcohol  and  prescribed  anxiolytic  (anxiety-reducing)  drugs, 
which  can  artificially  increase  PPI  and  decrease  startle  response  (Braff  et  ah,  2001).  Nicotine  can 
increase  PPI,  but  dopamine  agonists  can  have  the  opposite  effect  by  reducing  PPI.  Fortunately, 
caffeine  appears  to  have  no  significant  effect  on  PPI.  Since  anxiolytic  drugs  are  commonly 
prescribed  to  patients  with  anxiety  disorders  or  PTSD,  we  may  once  again  be  excluding  an 
important  segment  of  the  military  population  from  the  study.  Taking  Soldiers  off  of  their 
medications  would  not  be  a  viable  option. 

Another  potential  issue  is  that  race  seems  to  be  a  factor  in  startle  response  and  PPI.  A 
study  of  174  males  of  both  Caucasian-  and  Asian- American  participants  showed  that  Caucasians 
tend  to  have  a  greater  startle  response  and  lower  PPI  compared  to  their  Asian  counterparts 
(Swerdlow,  Talledo,  &  Braff,  2005).  With  the  Anny  today  as  diverse  as  it  is,  it  may  be  difficult 
to  account  for  this  data.  Normative  data  across  several  races  may  need  to  be  obtained  before 
reliable  data  can  be  collected.  There  is  conflict,  however,  over  whether  sex  has  any  effect  on 
startle  response  magnitude  or  PPI  (Ludewig  et  al.,  2003;  Braff  et  al.,  2001). 

The  Anny  also  has  a  wide  range  of  age  groups.  Research  shows  that  startle  response 
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magnitude  steadily  decreases  with  age,  with  a  marked  decline  between  the  ages  of  50  and  60 
(Ludewig  et  ah,  2003).  However,  since  this  is  not  our  target  population,  we  do  not  believe  it  will 
be  a  significant  issue.  Data  analysis  will  need  to  take  age  into  consideration  to  account  for 
variations  in  test  results.  Current  environment  and  emotional  state  may  also  mediate  startle 
magnitude  and  PPI  (Grillon,  Morgan,  Davis,  &  Southwick,  1998;  Grillon  &  Baas,  2003).  Since 
viewing  positive,  neutral,  and  negative  scenes  has  been  shown  to  affect  startle  magnitude  and 
PPI,  measurements  may  be  largely  dependent  a  participant’s  current  emotional  state.  If  a 
participant  recently  had  a  significantly  positive  or  negative  experience,  results  could  be  skewed. 
This  is  all  the  more  likely  considering  the  longitudinal  nature  of  the  CSF  assessment  phase. 

Although  startle  response  and  PPI  are  possibilities  for  assessing  the  CSF  program,  it  is 
clear  from  the  problems  identified  above  the  experiments  must  be  tightly  controlled  in  order  to 
collect  valuable  data.  However,  limiting  the  experiment  to  a  somewhat  unrepresentative  sample 
(no  medication,  single  race,  similar  ages,  and  with  no  hearing  loss)  may  inhibit  the  experiment’s 
external  validity.  Yet  it  may  be  possible  to  assume  that  if  the  CSF  assessment  program  does  have 
an  effect  on  PTSD  rates  and  other  objective  and  subjective  measures  within  a  particular  group, 
then  it  should  be  affecting  other  groups  in  the  same  way.  Thus,  startle  response  and  PPI  could  be 
valuable  metrics  to  use  in  assessing  the  CSF  program.  The  next  step  is  to  design  a  longitudinal 
study  that  can  detennine  the  CSF  program’s  effectiveness. 

Proposed  Study  Method 

Participants 

Participants  will  be  100  military  personnel  from  each  of  the  eight  brigade  combat  teams 
(BCT)  participating  in  the  CSF  program.  Participants  should  be  a  representative  sample  of  both 
men  and  women.  The  sample  should  also  include  personnel  with  and  without  PTSD  to  determine 
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how  the  CSF  interventions  affect  each  group.  However,  those  with  PTSD  taking  medications, 
such  as  anxiolytic  drugs,  should  be  excluded.  Smokers  and  personnel  with  a  history  of  alcohol 
abuse  should  also  be  excluded,  as  these  can  affect  startle  response  and  PPI  results.  Due  to 
racial/ethnic  differences  in  startle  response  and  PPI  identified  in  the  literature  review,  this  study 
should  potentially  over-sample  minority  populations  for  which  nonnative  does  not  exist.  Hearing 
loss  should  also  be  an  exclusionary  criterion.  Participants  should  be  of  similar  age  and  have  a 
similar  level  of  combat  exposure.  Level  of  education  should  also  be  controlled,  or  at  least  taken 
into  account,  as  level  of  education  has  been  shown  to  affect  susceptibility  to  PTSD. 

Apparatus  and  Materials 

Fridlund  and  Cacioppo  (1986)  offer  some  general  guidelines  for  EMG  research  which 
serves  as  a  reference  for  the  proposed  study.  As  already  discussed,  the  facilities  for  research  are 
already  in  place.  Sound  rooms  for  hearing  tests  at  SRP  centers  have  much  of  the  needed 
equipment  to  run  the  experiment,  such  as  the  headphones  and  a  way  to  administer  acoustic  startle 
stimuli.  The  noise  generator  should  be  capable  of  delivering  a  signal  at  greater  than  80  dB  with 
an  immediate  onset  (i.e.,  signal  does  increase  gradually)  and  over  the  course  of  <50  ms.  The  only 
necessary  equipment  would  be  the  EMG  monitoring  system  itself.  Surface  electrodes  should 
have  an  Ag-AgCl  surface  with  a  .25  cm  detection  surface.  Complete  systems  specifically 
designed  to  measure  startle  response  are  commercially  available  from  companies  like  San  Diego 
Instruments,  Inc.  and  Coulbourn  Instruments. 

Design 

This  experiment  will  be  a  between-subjects  design.  The  independent  variable  will  be  the 
group  treatment  under  the  CSF  program.  Eight  brigade  combat  teams  (BCT)  will  be  participating 
in  the  initial  CSF  evaluation.  First  and  3rd  BDE,  4th  ID  at  Fort  Carson  will  be  labeled  the 
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“interaction  group”  and  will  receive  both  online  training  via  the  Comprehensive  Resilience 
Modules  (CRM)  and  the  10-day  Master  Resilience  Training  (MRT)  course  aimed  at  senior 
NCOs.  First  Brigade,  25th  ID  in  Alaska  and  2nd  BDE,  1st  ID  at  Fort  Riley  will  be  labeled  the 
MRT  group,  as  they  will  only  receive  the  MRT  training.  Third  Brigade,  1st  ID  at  Fort  Knox  and 
the  170th  Heavy  BCT  will  be  labeled  the  CRM  group,  as  they  will  only  receive  the  CRM 
training.  The  control  groups  will  be  2nd  Brigade,  4th  ID  at  Fort  Carson  and  the  1 1th  Annored 
Cavalry  Regiment  (ACR)  at  Fort  Irwin  and  will  not  receive  training. 

The  dependent  variables  will  be  the  magnitude  of  the  startle  response  in  pulse-alone  trials 
and  the  percent  reduction  in  startle  magnitude  in  PPI  trials  compared  to  the  magnitude  of 
response  in  the  pulse-alone  trials. 

Procedure 

In  addition  to  the  Global  Assessment  Tool  (GAT),  Soldiers  will  also  take  the  startle 
response  and  PPI  test  every  six  months.  This  will  be  used  to  assess  the  longitudinal  effectiveness 
of  the  CSF  program.  The  procedure  should  be  similar  to  that  presented  in  Kumari  et  al.  (2005) 
and  Ludewig  et  al.  (2002).  At  each  session,  participants  should  be  seated  comfortably.  EMG 
electrodes  should  be  placed  below  either  the  left  or  right  eye.  According  to  Fridlund  and 
Cacioppo  (1986),  the  first  electrode  should  be  placed  1  cm  below  the  outside  comer  of  the  eye, 
and  the  second  should  be  placed  1  cm  medial  to,  and  slightly  inferior  to,  the  first  (see  Figure  1 
below). 
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Figure  1.  Proper  placement  of  the  surface  electrodes  on 
the  orbicularis  oculi  muscle  (Fridlund  &  Cacioppo,  1986). 


As  in  Kumari  et  al.  (2005),  participants  should  be  told  that  the  experiment  is  to  measure  their 
response  to  a  number  of  noise  bursts,  but  no  specific  instruction  should  be  given  as  to  attend  or 
ignore  the  noises.  Participants  should  be  told  to  keep  their  eyes  open  during  the  experiment.  A 
background  noise,  such  as  white  noise,  of  sufficient  volume  should  be  used.  The  prepulse  stimuli 
should  be  easily  distinguishable  from  the  background  noise,  but  not  so  loud  as  to  elicit  the  startle 
response.  Five  minutes  should  be  devoted  at  the  beginning  of  the  experiment  to  acclimatize 
participants  to  the  background  noise  and  establish  baseline  EMG  activity  (Kumari  et  al.,  2005). 
The  experiment  should  be  a  mix  of  pulse-alone  and  prepulse  trials,  presented  either  randomly  or 
semi-randomly.  The  first  trial  should  be  analyzed  separately,  as  studies  show  the  startle  response 
from  the  first  trial  is  of  significantly  greater  magnitude  than  subsequent  trials  (Morgan  et  al., 
1996).  Pulse-alone  trials  should  assess  multiple  stimuli  intensities  (i.e.,  100,  1 10,  and  120  dB 
startle  noises),  and  prepulse  trials  should  assess  multiple  time  intervals  between  the  prepulse  and 
the  startle  stimuli.  EMG  recording  should  begin  before  presentation  of  the  startle  stimuli  and 
continue  for  up  to  two  seconds  after.  The  measures  examined  should  be  the  magnitude  of  the 
startle  response  in  the  pulse-alone  trials  and  the  percent  reduction  in  startle  magnitude  in  the  PPI 
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trials  compared  to  the  magnitude  of  response  in  the  pulse-alone  trials  (Ludewig  et  ah,  2002). 

CONCLUSION 

Measuring  startle  response  and  PPI  in  Soldiers  could  potentially  be  a  strong  metric  for 
assessing  CSF  effectiveness.  A  significant  body  of  research  already  exists  on  startle  response  and 
PPI  that  supports  its  use  in  identifying  PTSD  and  susceptibility  to  other  psychiatric  disorders.  If 
the  CSF  program  does  in  fact  work,  then  there  should  be  a  reduction  in  startle  response 
magnitude  and  an  increase  in  PPI  among  those  who  receive  CSF  training.  We  would  expect  to 
see  greater  results  in  the  groups  who  receive  both  CRM  and  MRT  treatments  compared  to  the 
groups  who  only  receive  one  or  the  other.  All  three  of  these  groups  should  show  greater  results 
than  the  control  brigades.  Although  some  methodological  problems  have  been  identified,  these 
may  be  overcome  by  tightly  controlling  for  variables  such  as  age,  sex,  and  drug  use.  Although 
this  may  somewhat  limit  external  validity,  we  do  not  believe  there  will  be  a  significant  difference 
in  how  other  groups  react  to  the  CSF  training.  Future  research  could  potentially  identify  resilient 
Soldiers  and  target  them  as  candidates  for  MRT,  as  having  someone  who  is  resilient  as  an 
instructor  may  be  more  beneficial.  Startle  response  and  PPI  could  also  be  used  to  assess  a  variety 
of  other  interventions,  not  just  CSF. 
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